Introduction
In 2800 BC, a lifting device driven by human appeared -elevator. In the mid-17th century, French scientists proposed the static pressure transmission principle to guide the application of hydraulic drive technology, and the the hydraulic transmission theory and technology has been developed rapidly. Under the background, the world's first hydraulic lifting platform was successfully developed in 1845 [1] , which means lifting platform step into a new era. In recent years, the prosperity of the oil industry to make the oil products replace water as a transmission medium, and the application of hydraulic transmission technology in the lifting platform had been more and more widely [2] . The requirements of the lifting platform in different working environment are also different, in order to determine the best design well adapted to the work environment, the design should be optimized in the design process. Traditional design methods has clear thinking and is strongly theoretical, but the calculation process is very complex, calculation amount is intensive, design cycle is longer, and it can only achieve partial simplification of the calculation, the detailed and accurate analysis of the overall structure doesn't work [3] [4] . In addition, if the amount of calculation conditions become more, traditional design methods can't cope with the analysis of complex structures and the heavy computation, so many kinds of assumptions and simplifications are made which leads to great difference between the calculation results and actual results [5] .
In recent years, with the rapid development of computer technology, it has been widely applied in the field of design. Due to the continuous development and in-depth of new design theory, a lot of new modern design methods came out, including finite element method, optimization design, dynamic simulation design, reliability design and process technology design methods and so on [6] . These design methods are applied in various areas of product design, which significantly shorten the design cycle, improve design efficiency, and reduce the workload of the designer. Currently, the finite element method is most widely applied in structural design [7] , the application in mechanical engineering are mainly in the following aspects: (l) static analysis; (2) modal analysis; (3) the harmonic response analysis and instant dynamics analysis; (4) thermal stress analysis; (5) contact analysis; (6) buckling analysis [6] .
A three-dimensional model of the lifting platform is established based on the design of the lifting platform requirements,The static analysis of a variety of lifting platform program is carried out in finite element analysis software Abaqus after the simplification of the three-dimensional model, maximum integrated deformation and maximum stress in different programs are obtained for analysis of different indicators and to choose the optimum structure.
Structure design of lifting platform

Design requirements of lifting platform
Lifting platform role: transport the goods from warehouse to the upper deck in the operating condition; the platform is at the highest position to play the role of a shelter as hatch cover in the no-operating condition.
The overall design requirements:
(1) Size of the lifting platform: 8m*1.5m (2) Lifting height of platform: 3.6m (3) Maximum: 0.15m/s (4) Maximum load of platform: 4t+6t (rated load of the platform is 4t , it needs to compact the seals when it is at the highest position, there is approximately 6t pressure) (5) Platform rise and drop smoothly, the height difference between both sides in the longitudinal direction is no more than 20mm during the rise and drop process; when the platform rises to the highest position, height difference around the sealing portion of platform can not exceed 5mm in order to ensure a reliable seal between the platform and the upper deck. In addition, when the platform rises to the highest position, the gap between the around of platform and the hatch of upper deck is no more than 10mm, shown in Figure 1 ;
(6) The requirement of guide position: the guide can only be placed at a single side of the 8m longitudinal direction, the other three sides is not permitted, shown in Figure 2 ;
(7) When the platform rises to the upper locking position, the long-term seals is required.
(8) Platform and guide mechanism should have sufficient strength to ensure no deformation, and it is required to be able to resist or adapt the error from the deformation of hull when the ship operates a period of time. 
Static analysis
Analysis model
Simplify the model of the lifting platform, the hydraulic cylinder and the sleeve roller chain are simplified as fixed constraints to the chain pin, intercept one section of the guide. In order to choose the right moving platform structure, static analysis of these five kinds of structures shown in figure 4 is carried out to make comparison. These five kinds of programs are driven by two hydraulic cylinders, option 1 to option 4 all have two rails, option 5 has five rails to increase the constraints of moving platform . Structural parameters of these programs are shown in Table 1 . 
Material properties
The material properties of these parts in analysis model are shown in Table 2 
Constrains and loads
In the static analysis of lifting platform, the constrains and loads of these four programs are the same. Constrains: the guide's plane bonded to the wall is fixed, chain pin is fixed; loads: 4t surface load is added on the platform surface, 6t surface load is added on the around of the platform, gravity of the device.
The constrains and loads are shown in figure 5. 
Analysis result
According to the previous constrains and loads, the results of these four programs are shown in figure 6 to figure 10 , values are shown in Table 3 . 
Conclusion
From the above analysis results, increasing the steel cross-sectional area, and the number of guide can effectively reduce the amount of deformation, and increasing the number of guide is in favor of the smoothly running of equipment. The stress at chain pin is relatively high, it needs to be strengthened. Thus, program 4 is more appropriate than others by comparison of the analysis results and costs. Overall structure of the program 4 is shown in Figure 11 . The main structural parameters of program 4 are shown in Figure 12 and Table 4 , the weight of the moving parts are shown in Table 5 , Table 5 shows that the weight of moving parts drive by hydraulic cylinder is about 3.86t 
